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[57] ABSTRACT 

In the process for producing a leaf spring which, at least 
in essential springy sections, is composed of a fiber-rein- 
forced plastic material, a continuous web (9) is formed 
comprised of reinforcing fibers, appropriately in the 
form of fiber rovings or fibrous tissues, with the rein- 
forcing fibers being appropriately impacted or impreg- 
nated with a hardenable plastic substance, whereupon 
intermediate layer pieces (37) are appropriately put on 
the continuous web (9). The continuous web (9) is then 
wound up in several layers (36) on a rotating pick-up 
device (27) into a continuous reel (35), with the interme- 
diate layer pieces (37) arranging themselves in the con- 
tinuous reel (35) between contiguous superposed con- 
tinuous web layers (36); the continuous reel (35) is then 
placed in a mold in such a manner that it adjoins along 
its entire periphery the barrel-shaped contact area of the 
mold chamber. Thereafter, the hollow spaces still pres- 
ent between the reinforcing fibers in the mold chamber 
are filled up by the introduction of a hardenable plastic 
substance, and the plastic material in the mold lastly 
solidifies and is cured to become the leaf spring blank. 

15 Claims, 10 Drawing Figures 
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PROCESS FOR PRODUCING A PLASTIC LEAF 
SPRING, AS WELL AS A PLASTIC LEAF SPRING 
APPROPRIATELY MANUFACTURED 
ACCORDING TO THIS PROCESS 

TECHNICAL DOMAIN 

The invention is concerned with a process for pro- 
ducing a leaf spring which, at least in essential springy 
sections, is composed of a fiber-reinforced plastic mate- 
rial in which high-strength reinforcing fibers, appropri- 
ately composed of glass fibers, carbon fibers or other 
suitable fibers, pass at least approximately in the direcr 
tion of the maximum extension of the spring material, 
and in which spring-eyes are appropriately integrated in 
the leaf spring body at the spring ends. It is furthermore 
concerned with a plastic leaf spring of a thickness that is 
variable along its length, appropriately manufactured 
pursuant to the process according to the invention. 

STATE OF THE ART 

Springs of the above mentioned type have been 
known for many years, but thus far they have found no 
acceptance worth mentioning in motor vehicle con- 
struction. From U.S. Pat No. 3,900,357, for example, a 
process is known for the manufacture of such plastic 
leaf springs, in which one starts out with a strip com- 
prised of non-woven glass fiber material and a soft ma- 
trix material on an epoxy resin basis. Blanks of such a 
strip are placed in a mold in several plies, one above the 
other, and joined under pressure and at a raised tem- 
peerature under cure-hardening of the matrix resin to 
produce the finished leaf spring. Since each of the su- 
perposed strip blanks contributes only about 0.01" to 
the thickness of the leaf spring, then, for example, for a 
spring thickness of 3" 75 superposed strip blanks would 
have to be used. The curing time for such a spring is 
assumed to be about 45 minutes. 

Because of the need to insert the strip blanks into the 
mold, a great amount of manual labor is required for this 
known method. In addition, the long curing times re- 
quired are an obstacle to an efficient spring production. 

DESCRIPTION OF THE INVENTION 

The objective of the invention is to present a new 
process for the manufacture of plastic leaf springs of the 
above mentioned type, which requires a substantially 
lesser amount of manual work than the process known 50 
from the aforesaid U.S. Pat No. 3,900,357. 

This problem is solved by the process according to 
the invention in that a continuous web is formed com- 
prised of reinforcing fibers, appropriately in the form of 



the plastic material in the mold is solidified and appro- 
priately hardened into the leaf spring blank. 

In an advantageous embodiment of the process ac- 
cording to the invention for the manufacture of a leaf 
spring of variable thickness along its length, intermedi- 
ate layer-pieces are put on the continuous web prior to 
its being wound up, which pieces arrange themselves in 
the continuous reel between contiguous superposed 
continuous web layers. 

According to a further advantageous embodiment of 
the invention, the process according to the invention is 
characterized in that the intermediate layer pieces are 
composed of a fibrous laminar material appropriately 
impacted or impregnated with a hardenable plastic sub- 
stance. The intermediate layer pieces* appropriately 
composed at least partially of a fibrous tissue, may ad- 
vantageously be impacted with a plastic substance after 
they are put on the continuous web. 
Pursuant to another advantageous embodiment of the 
20 process according to the invention, for the manufacture 
of a leaf spring in which spring-eyes are integrated at 
the spring-ends, the continuous reel is put in the mold in 
such a manner that it will surround a cylindrical recess 
for the spring-eyes at each of the spring-ends. Advanta- 
geously, sleeves to serve as spring-eye bushings can be 
introduced into the mold together with the continuous 
reel, with these sleeves then appropriately forming a 
part of each of the pick-up elements of the pick-up 
device in the manufacture of the continuous reel. 

In yet another advantageous embodiment of the in- 
vention, the process according to the invention is char- 
acterized in that the synthetic resin contained in the 
continuous web and in the intermediate layer pieces is 
precured prior to winding up on the pick-up device. 

According to a further advantageous embodiment of 
the process according to the invention, dielectric heat 
loss is produced by an electromagnetic high-frequency 
field in the spring material in the mold to further the 
hardening of the duromer plastic contained in it. The 
hardening of the spring material can take place advanta- 
geously in a mold which is additionally heated. 

In a last advantageous embodiment of the invention, 
the process according to the invention is characterized 
in that for introducing a plastic substance into the hol- 
low spaces remaining between the reinforcing fibers, 
the mold chamber is evacuated and the introduction of 
the liquid, appropriately duromer plastic substance 
thereupon takes place under increased pressure. The 
introduction of the liquid plastic substance into the 
mold chamber may be effected through one or more 
feeder ducts arranged in the center of the mold cham- 
ber. 

The invention has the further objective to supply a 
leaf spring of variable thickness along its length, com- 



25 



30 



35 



40 



45 



fiber rovings or fibrous tissues, with the reinforcing 55 posed in at least the essential springy sections of a fiber- 



fibers appropriately impacted or impregnated with a 
hardenable plastic substance, and wherein the continu- 
ous web is wound up in several layers into a continuous 
reel on a rotating pick-up device with at least two pick- 
up elements, whereupon the continuous reel, appropri- 60 
ately together with other components serving to con- 
struct the leaf spring, is placed into a mold, in such a 
manner that the continuous reel adjoins along essen- 
tially its entire periphery the barrel-shaped contact area 
of the molding chamber, and wherein appropriately 65 
thereafter the hollow spaces still present in the molding 
chamber between reinforcing fibers are filled up by 
introducing a hardenable plastic substance, and wherein 



reinforced plastic, in which high-strength reinforcing 
fibers, appropriately composed of glass fibers, carbon 
fibers or other suitable fibers, running at least approxi- 
mately in the direction of the maximum extensions of 
the spring material occurring under spring-loads, and in 
which spring-eyes are appropriately integrated in the 
leaf spring body at the spring-ends, with the leaf spring 
being manufactured appropriately by means of the pro- 
cess according to the invention. 

This problem is solved in the leaf spring according to 
the invention in that the leaf spring body has a large 
number of contiguous stratified sections of fiber-rein- 
forced plastic ninning in the direction of the longitudi- 
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nal extension of the spring, with the two extreme sec- 
tions adjoining the front surfaces of the spring and with 
a part of these sections extending over the entire length 
of the spring, and the remaining sections occupying 
only part of the spring length and bounded at both sides 5 
by two sections extending over the entire spring length. 
The maximum thickness of the sections extending only 
over a part of the spring length is then 2 mm, but prefer- 
ably 1 mm. 

DESCRIPTION OF THE DRAWINGS ° 
REPRESENTING SEVERAL ADVANTAGEOUS 
WAYS TO CARRY OUT THE INVENTION 

The process according to the invention is described 
below first for the manufacture of a plastic leaf spring of 15 
a thickness variable over its length, in which spring- 
eyes are integrated in the spring body at both ends. 

FIG. 1 shows schematically, in vertical section, an 
installation for the manufacture of an uncured continu- 
ous reel, from the plastic leaf spring will subsequently 20 
be manufactured. 

FIGS. 2 and 3 illustrate the take up unit 27 in two 
different stages of the process and 

FIG. 4 is a plan view of take up unit 27 in the position 
of FIG. 3. 25 

FIG. 5 is a view of a diagram of the continuous reel. 

FIG. 6 is a cross-section of the press mold and FIG. 
7 is a cross-section of the mold taken along line VII- 
—VII of FIG. 6. 

FIG. 8 is a cross-section of the press mold taken along 30 
line VII— VII of FIG. 7 and 

FIG. 9 is a schematic view of the leaf spring body. 

FIG. 10 is a cross-section of another embodiment of a 
mold of the invention. 

For the manufacture of this continuous reel, glass 35 
fiber roving webs 3 are drawn off rollers 2 arranged in 
a roller frame 1, which after passing through a carding 
screen 4 run through an impregnating vat 5, in which 
they are impregnated with a hardenable plastic sub- 
stance, which may, e.g., advantageously be composed 40 
of an epoxy resin on the basis of bisphenol A and a 
cycloaliphatic diaminic setting agent The thusly pro- 
duced web is calibrated in a pair of squeeze rolls an- 
d — led through roller 7 and 8 — is drawn off as a contin- 
uous web 9 in the direction of arrow 10. In the course of 45 
this, the continuous web 9 first passes through a deposit- 
ing station 11, in which, by means of a take-off device 
12, a glass cloth strip 14 is drawn off a delivery roll 13 
in the direction of arrow 15, with the aim of depositing 
pieces of glass cloth of different lengths on specific 50 
places of the continuous web 9. This depositing opera- 
tion functions as follows. 

Prior to each switching on of the take-off device 12, 
the start of the glass cloth strip 14 hanging down at 
location 16 reaches barely above the continuous web 9 55 
being transported in the direction of arrow 10. After the 
take-ofT device 12 is switched on, the start of the glass 
cloth strip moves down and meets with the continuous 
web 9, is carried along by the latter and with the aid of 
the guide roller 17 is then deposited on the still wet 60 
continuous web 9. With the aid of the guillotine shears 
18 integrated in the depositing station 11, the glass cloth 
piece to be deposited is lastly cut off at the desired 
length, and the take-ofT device 12 is stopped, when the 
newly cut-off start of the glass cloth strip is again, as 65 
originally, barely above the moving continuous web 9. 

A coating unit 19 with a coating roller 20 and a stor- 
age container 21, which is connected at the outlet side 



4 

of depositing station 11 in the conveyor direction 10, 
serves to impact the glass cloth pieces deposited on the 
continuous web 9 with plastic mixture. During the pas- 
sage of the deposited glass cloth piece, this coating unit 
19 is lowered unto the glass cloth piece moving with the 
continuous web 9, and the glass cloth piece is provided 
with a coat of the same plastic material mixture, as has 
been used to impregnate the glass fiber roving strands 3. 

The continuous web 9, thusly covered , with glass 
cloth pieces and at the latter additionally coated with 
synthetic resin, now passes a preheating zone 23 
equipped with an infrared heater 22, in which the tem- 
perature of the continuous web 9 is raised and the vis- 
cosity of the plastic mixture contained in it is thereby 
reduced, with the effect that the applied plastic mixture 
quickly penetrates into the glass cloth pieces. 

The forming of the continuous reel is served by a 
beam-shaped take-up unit, which latter is pivoted on a 
rolling-up bracket 24 and kept in slow rotation in the 
direction of arrow 26 by a motor 25 with reduction 
gear; two take-up elements 28 are affixed detachably to 
the take-up unit at equal distances from the axis of rota- 
tion. 

The forming of the continuous reel will now be de- 
scribed in detail in connection with FIG. 1 with the aid 
of FIGS. 2 through 4, with FIGS. 2 and 3 showing the 
take-up unit 27 in two different phases of the manufac- 
turing process, namely FIG. 2 in vertical section and 
FIG. 3 in section along the line III— III of FIG. 4, and 
FIG. 4 showing the take-up unit 27 in plan view corre- 
sponding to the manufacturing phase illustrated in FIG. 
3. 

Each of the take-up elements consists of a bolt 29, on 
which a sleeve 30 of glass fiber-reinforced plastic is slid 
on. Disks 31 of electrically insulating material are re- 
movably attached at both sides of sleeve 30. The contin- 
uous web 9, taken off at 32 (FIG. 1), with the glass fiber 
pieces deposited on it is then attached with its free end 
33 (FIG. 2) to a clamping device 34 provided at take-up 
unit 27, and is subsequently wound in several layers 
around the sleeves 30 of the two take-up elements 28 
through rotation of the take-up unit in the direction of 
arrow 26. The delivered continuous web 9 is then cut 
and web-end 33 is released from the clamping device 34. 
Both of the still somewhat sticky free wet web-ends are 
then joined to the surface of the thusly formed continu- 
ous reel 35 which now has the form as shown in FIG. 3. 

FIG. 5 shows the reel diagram of the continuous reel 

35 with the continuous web 9 wound in several layers 

36 around take-up elements 28, containing a plastic 
substance and glass fiber rovings, and with the glass 
cloth pieces also coated with a plastic substance, which 
during winding up arrange themselves as intermediate 
layer pieces 37 between contiguous superposed continu- 
ous web-layers 36. 

In the further course of the process, the continuous 
reel 35, now stretched by the two take-up elements 28, 
is introduced in this stretched state into a press mold 
together with the take-up elements 28. For this, a trans- 
fer bar 38 schematically indicated with broken lines in 
FIG. 4 is first attached to the take-up elements 28, the 
attachment of take-up elements 28 to take-up unit 27 is 
opened, and the take-up elements 28 now joined to the 
transfer bar 38, together with the continuous reel 35 
stretched on them, are removed from the take-up unit in 
the direction of arrow 39. 

FIG. 6 shows the two mold parts 40, 41 of a press 
mold, which advantageously are comprised of an elec- 
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trically insulating material and over nearly all their form of a continuous reel that is impregnated or coated 
press surfaces 42, 43 they are provided with electrically with a plastic substance to a small extent only. This 
conductive linings 44, 45, of, e.g. aluminum sheet. The continuous reel is then introduced into a mold, with the 
continuous reel 35 stretched on the take-up elements 28 fibers of the continuous reel intended to fill the mold 
is now introduced between these mold parts 40, 41 by 5 floor as uniformly as possible. The hollow spaces re- 
means of the transfer bar 38. The transfer bar 38 is then maining between the reinforcing fibers in the mold are 
lowered and the continuous reel 35 is thereby intro- then filled by introducing a plastic substance, and the 
duced between the side walls 46 of the lower mold part plastic substance situated in the mold is subsequently 

40, until the disks 31 of the take-up elements 28 are cured. 

engaged in corresponding recesses 47, and the lower 10 The installation shown in FIG. 1 can be used for this 

web 48 of the continuous reel 35 adjoins closely the variant of the process as well. Here, a sewn glass fiber 

press surface 42 of the lower mold part 40. The mold is support strip is used, which is fed directly to the depos- 

subsequently closed by lowering the upper mold part iting station 11, where— as described in connection with 

41. FIG. 7 shows a section through the closed mold the first variant of the process— it is covered with glass 
along line VII— VII in FIG. 6. FIG. 8 shows in partial 15 cloth pieces which in the manufacture of the continuous 
representation a section through the press mold in the reel serve as intermediate layer pieces 37. This glass 
section of the spring-eye 49 along line VIII— VIII in fiber support strip covered with glass cloth pieces is 
FIG. 7. — then given a slight coating of a hardenable plastic sub- 
After the transfer bar 38 is detached from the take-up stance with the aid of the coating device 19. This plastic 

elements 28, the mold is placed in a press, in which the 20 substance, which may advantageously be comprised of, 

mold parts are pressed against each other. The electri- e.g., an epoxy resin on the basis of bisphenol A with a 

cally conductive linings 44, 45 are then connected to the cycloaliphatic diaminic curing agent, penetrates the 

output of a high-frequency generator, whereupon the fiber material when passing the preheating zone 23 and, 

HF-voltage is switched on. The plastic material of the because of its adhesiveness, it sets the glass fiber cloth 

pressed product received heat loss from the HF-field, 25 pieces on the glass fiber support strip. The manufacture 

whereby the pressed product is heated rapidly and is of the continuous reel and its introduction into a mold is 

cured within a few minutes. The cured pressed product then effected in a manner similar to that described in 

now forms a leaf spring body 50, schematically repre- connection with the first process variant, 

sented in FIG. 9, in which the two sleeves 30 are inte- FIG. 10 shows schematically in section, the mold 

grated at the spring-eyes 49 and which is removed when 30 used for this process variant, with the mold parts 51, 52, 

still hot after the opening of the mold and removal of their press surfaces similar to those of the mold accord- 

the bolts 29 and disks 31, which latter form part of the ing to FIG. 6, and having electrically conductive linings 

mold arrangement. 53, 54 connected to the output of a high-frequency 

In a concrete example of the process for the manufac- generator. In contrast to the mold according to FIG. 6, 

ture of such a leaf spring body 50 with a distance of 35 the mold parts 51, 52 are sealed against each other when 

1500 mm between spring eyes, a spring width of 60 mm, the mold is closed, so that the mold chamber can be 

a thickness at the spring midpoint of 33 mm and at the evacuated with the aid of a pump through two air ducts 

spring ends of 20 mm, there are used for the continuous 55, 56 provided at the mold ends in the upper mold part 

reel fifteen glass fiber ravings of 2400 tex each, and a 52. The upper mold part 52 has, in addition, a feeder 

glass fiber cloth strip with 800 g/m 2 weight per unit 40 duct 57 which, by way of a valve 58, is connected with 

area. The glass fiber content in the spring body amounts a feeder device 59 for the liquid plastic material 60. 

in total to about 70% by weight. After the continuous reel is placed in the mold, the 

In an advantageous variant of the process according mold chamber is evacuated through the air ducts 55, 56 
to the invention, a tunnel kiln may be inserted in the unit and the HF-generator is switched on. The valve 58 is 
for manufacturing the uncured continuous reel 35 (FIG. 45 then opened, whereby the liquid plastic material 60 
1) between the roller 8 and the rolling-up bracket 24. prepared in feeder device 59, which could also consist 
The tunnel kiln is passed through by the continuous of an epoxy resin on the basis of bisphenol A with a 
web 9 covered with the intermediate layer pieces 37, cycloaliphatic diaminic curing agent, is pressed into the 
during which pass the duromer plastic contained in it is mold chamber under increased pressure through feeder 
precured, so that the continuous web 9 with the inter- 50 duct 57; in the mold chamber it fills the hollow spaces 
mediate layer pieces 37 is then wound up as a substan- still present between the reinforcing fibers, 
tially dry material onto the take-up body 28, which In FIG. 10, the mold chamber is shown only half- 
facilitates the later manipulation of the continuous reel filled in the right half of the transverse section, while 
35. the left half of FIG. 10 shows the mold chamber after 

The process according to the invention can also be 55 the filling operation is completed. Since the filling of the 

used advantageously in the manufacture of a leaf spring mold chamber starting from the mold's midpoint pro- 

which has a substantially constant thickness over its gresses essentially parallel to the spring's longitudinal 

length. In this process variant the process step of depos- extension in the direction of the spring-ends, and since 

iting the intermediate pieces 37 on the continuous web the reinforcing fibers to the largest part also run parallel 

9 is eliminated. 60 to the spring's longitudinal extension, a possible dis- 

If the process according to the invention is to be used placement of the glass fibers caused in the filling opera- 

for the manufacture of a leaf spring which is not to have tion by the liquid plastic material can largely be 

a spring-eye at one or at both ends, the above described avoided. 

process is intended for the manufacture of the leaf After the filling operation is completed, the valve 58 

spring blank, from which the undesired eye sections are 65 is closed and with the HF-generator continuing 

then separated by means of saw cuts. switched on, the plastic material contained in the mold 

Below, additional process variants are described, in is cured at an accelerated pace, due to the dielectric 

which the glass fiber-reinforcement is effected in the heat loss produced in the plastic material by the electro- 
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magnetic high frequency field. The mold is then opened 
and the cured leaf spring body is removed while still 
hot. 

Commercial Utilization 

The plastic leaf springs according to the invention 
can be utilized in motor vehicles in a similar manner as 
the customary steel leaf springs. In contrast to steel leaf 
springs, their advantages lie above all in their considera- 
bly lower weight and in their not being subject to any 
corrosion while in use. 

In addition, the plastic leaf springs according to the 
invention can be manufactured more economically than 
the previously known plastic leaf springs. 

I claim: 

1. A process for producing a leaf spring of elongated 
shape of variable thickness over its length having a leaf 
spring body provided with two ends which is composed 
at least in the essential springy sections of a fiber-rein- 
forced plastic material in which high-strength reinforc- 
ing fibers pass at least approximately in the direction of 
the maximum extension of the spring material occurring 
under spring loads, and in which spring-eyes are appro- 
priately integrated in the leaf spring body at the spring 25 
ends comprising forming a continuous web (9) com- 
prised of reinforcing fibers in the form of fiber rovings 
or fibrous tissues, with the reinforcing fibers appropri- 
ately impacted or impregnated with a hardenable plas- 
tic substance, placing intermediate layer pieces (37) on 
the continuous web (9), winding the continuous web (9) 

in several layers into a continuous reel (35) on a rotating 
pick-up device (27) with at least two pick-up elements 
(28), whereby the said intermediate layer pieces (37) 
arrange themselves in the continuous reel (35) between 35 
contiguous superposed continuous web layers (36), 
placing the continuous reel (35) together wiht other 
components forming the leaf spring into a mold having 
a molding chamber with a cylindrical shaped contact 
area, so that the continuous reel (35) adjoins along es- 
sentially its entire periphery the cylindrical-shaped 
contact area of the molding chamber whereby appro- 
priately hollow spaces are still present between rein- 
forcing fibers in the molding chamber, optionally filling 45 
thereafter the said hollow spaces if present by the intro- 
duction of a hardenable plastic substance, solidifying 
the plastic material in the mold and curing the latter to 
form a leaf spring blank. 

2. A process according to claim 1, wherein the inter- 
mediate layer pieces (37) are composed of a fibrous 
laminar material impacted or impregnated with a hard- 
enable plastic substance. 

3. A process according to claim 2, wherein the inter- 
mediate layer pieces (37) are impacted with a plastic 55 
substance after they are put on the continuous web (9). 

4. A process according to claim 2 or 3, wherein the 
material of the intermediate layer pieces (37) is com- 
prised of at least in part of a fibrous tissue. 
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5. A process of claim 1 wherein for the manufacture 
of a leaf spring in which spring-eyes (49) are integrated 
at the spring-ends, the continuous reel (35) is put into 
the mold so that it will surround a cylindrical recess for 
the spring-eyes (49) at each of the spring-ends. 

6. A process according to claim 5, wherein sleeves 
(30) to serve as spring-eye bushings are introduced into 
the mold together with the continuous reel (35). 

7. A process according to claim 6, wherein said 
sleeves (30) form a part of each of the pick-up elements 
(28) of the pick-up device (27) in the manufacture of the 
continuous reel (35). 

8. A process of claim 1 wherein synthetic resin con- 
tained in the continuous web (9) and optionally in the 
intermediate layer pieces (37) is precured prior to the 
winding on the pick-up device (27). 

9. A process of claim 1, wherein dielectric heat loss is 
produced by an electromagnetic high-frequency field in 
the spring material to further the hardening of the hard- 
enable plastic substance contained in it. 

10. A process according to claim 9, wherein the hard- 
ening of the spring material takes place in a mold which 
is additionally heated. 

11. A process of claim 1 wherein for introducing a 
plastic substance into the hollow spaces remaining be- 
tween the reinforcing fibers, the molding chamber is 
evacuated and the introduction of the liquid, hardenable 
plastic substance thereupon takes place under increased 
pressure. 

12. A process according to claim 11, wherein the 
introduction of the liquid plastic substance into the 
molding chamber is effected through one or more 
feeder ducts (57) arranged in the center of the molding 
chamber. 

13. A leaf spring of variable thickness along its length 
and having two ends comprised in at least the essential 
springy sections of a fiber-reinforced plastic, in which 
high-strength reinforcing fibers run at least approxi- 
mately in the direction of the maximum extensions of 
the spring material occurring under spring-loads, and in 
which spring-eyes are appropriately integrated in the 
leaf spring body at the spring-ends produced by the 
process of claim 1 wherein the leaf spring body has a 
large number of contiguous stratified sections of fiber- 
reinforced plastic running in the direction of the longi- 
tudinal extension of the spring, with the two extreme 
sections adjoining front surfaces of the spring and with 
a part of these sections extending over the entire length 
of the spring, and with the remaining sections each 
occupying only a part of the spring length, and being 
bounded at both sides by two sections extending over 
the entire spring length. 

14. A spring according to claim 13, wherein the maxi- 
mum thickness of the sections occupying only a part of 
the spring length is 2 mm, but preferably 1 mm. 

15. The process of claim 1 wherein the reinforcing 

fibers are selected from the group consisting of glass 

fibers and carbon fibers. 

***** 
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Abstract Text - ABTX (1) : 

In the process for producing a leaf spring which, at least 
in essential 

springy sections, is composed of a fiber-reinforced plastic 
material, a 
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continuous web (9) is formed comprised of reinforcing fibers, 
appropriately in 

the form of fiber rovings or fibrous tissues, with the 
reinforcing fibers being 

appropriately impacted or impregnated with a hardenable 
plastic substance, 

whereupon intermediate layer pieces (3 7) are appropriately 
put on the 

continuous web (9) . The continuous web (9) is then wound up 
in several layers 

(36) on a rotating pick-up device (27) into a continuous reel 
(35) , with the 

intermediate layer pieces (37) arranging themselves in the 
continuous reel (35) 

between contiguous superposed continuous web layers (36) ; the 
continuous reel 

(35) is then placed in a mold in such a manner that it 
adjoins along its entire 

periphery the barrel -shaped contact area of the mold chamber. 
Thereafter, the 

hollow spaces still present between the reinforcing fibers in 
the mold chamber 

are filled up by the introduction of a hardenable plastic 
substance, and the 

plastic material in the mold lastly solidifies and is cured 
to become the leaf 
spring blank. 



Brief Summary Text - BSTX (8) : 

This problem is solved by the process according to the 
invention in that a 

continuous web is formed comprised of reinforcing fibers, 
appropriately in the 

form of fiber rovings or fibrous tissues, with the 
reinforcing fibers 

appropriately impacted or impregnated with a hardenable 
plastic substance, and 

wherein the continuous web is wound up in several layers into 
a continuous reel 

on a rotating pick-up device with at least two pick-up 
elements, whereupon the 

continuous reel, appropriately together with other components 
serving to 

construct the leaf spring/ is placed into a mold, in such a 
manner that the 

continuous reel adjoins along essentially its entire 
periphery the 
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barrel -shaped contact area of the molding chamber, and 
wherein appropriately 

thereafter the hollow spaces still present in the molding 
chamber between 

reinforcing fibers are filled up by introducing a hardenable 
plastic substance, 

and wherein the plastic material in the mold is solidified 
and appropriately 

hardened into the leaf spring blank. 

Claims Text - CLTX (1) : 

1. A process for producing a leaf spring of elongated 
shape of variable 

thickness over its length having a leaf spring body provided 
with two ends 

which is composed at least in the essential springy sections 
of a 

fiber-reinforced plastic material in which high-strength 
reinforcing fibers 

pass at least approximately in the direction of the maximum 
extension of the 

spring material occurring under spring loads, and in which 
spring-eyes are 

appropriately integrated in the leaf spring body at the 
spring ends comprising 

forming a continuous web (9) comprised of reinforcing fibers 
in the form of 

fiber rovings or fibrous tissues, with the reinforcing fibers 
appropriately 

impacted or impregnated with a hardenable plastic substance, 
placing 

intermediate layer pieces (37) on the continuous web (9) , 
winding the 

continuous web (9) in several layers into a continuous reel 
(3 5) on a rotating 

pick-up device (27) with at least two pick-up elements (28), 
whereby the said 

intermediate layer pieces (37) arrange themselves in the 
continuous reel (35) 

between contiguous superposed continuous web layers (36) , 
placing the 

continuous reel (3 5) together wiht other components forming 
the leaf spring 

into a mold having a molding chamber with a cylindrical 
shaped contact area, so 

that the continuous reel (35) adjoins along essentially its 
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entire periphery 

the cylindrical -shaped contact area of the molding chamber 
whereby 

appropriately hollow spaces are still present between 
reinforcing fibers in the 

molding chamber, optionally filling thereafter the said 
hollow spaces if 

present by the introduction of a hardenable plastic 
substance, solidifying the 

plastic material in the mold and curing the latter to form 
leaf spring blank. 
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[57] ABSTRACT 

A plastic leaf spring for motor vehicles comprising a 
plurality of cured durometic plastic strips reinforced 
with high strength fibers aligned substantially in the 
direction of the maximum elongation or compression of 
the fibers occurring under spring load at least in essen- 
tial resilient regions of the spring, the resilient regions 
being the strips bonded together by an adhesive and 
eventually also being bonded to another element and a 
process for its preparation. 

10 Claims, 6 Drawing Figures 
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about 41%, by volume. The cured strips have advanta- 

PLAST1C LEAF SPRING geously a thickness of at least 0.4 mm, preferably at least 

0.8 mm. 

STATE OF THE ART The starting unidirectional reinforced roving type 

Plastic springs have been known for many years but 5 ^"P 8 nave a thickness of 0.5 to 1.0 mm, preferably 

have not been accepted by the motor vehicle industry. aDOUt 10 mm and the fiber fabric reinforced strips may 

For example, U.S. Pat. No. 3,900,357 describes a have a thickness of 0.25 to 0.6 mm, preferably about 0.4 

method for the production of glass fiber-resin springs nun, the latter serving to give a sufficient transverse 

made from a foil of a non-woven glass fiber material and strength to the final plastic leaf spring. The resulting 

an curable matrix of epoxy resin. Strips of the foil are 10 cured strips may be in the form of an endless strip 

stacked in several layers in a mold which are then wound onto rolls and is drawn from the rolls as needed 

heated at elevated temperatures under pressure to cure and cut to the desired length into strips, 

the matrix resin and form the finished leaf spring. Due Referring now to the drawings: 

to the fact that the foil layers are only approximately FIG. 1 is a cross-sectional view of a laminate struc-. 

0.01 inches thick, 67 layers of foil are needed to obtain 15 ture of the invention ready for formation of a resilient 

a spring with a thickness of three quarters of an inch and component of the spring of the invention, 

the hardening time required for such a spring is on the FIG. 2 is a cross-sectional view of a beatable press 

order of 45 minutes. The insertion of this many foil with the structure of FIG. 1 ready for pressing, 

layers requires too much labor to be economical and the FIG. 3 is a cross-sectional view of the pressed resil- 

prolonged curing times are also too expensive. 20 ient lamin&Xe component after grinding and 

OBJECTS OF THE INVENTION 4 » a cross-sectional view of a finished leaf 

u . . ... . . , spring containing the component of FIG. 3. 

It is an object of the invent™ to pro vide a novel FIG. 5 is a plan view of a spring eye to be mounted at 

plastic leaf spring containing a higher volume of rein- the ^ of ^ ^ leaf ^ 

FIG.6isacro P ss-sectionalview g bf a plastic leaf spring 

It is another object of the invention to provide an ° f ^r^ "^ e ' 

improved process for the preparation of plastic leaf . In *' ^J™* of * wd * of 195 mm stn P s 1 

springs with less manual labor and shorter manufacting have j> een £™f through an adhesive apphcator to 

times. 6 30 provide each side with an adhesive of 80 g/m 2 of solids 

These and other objects and advantages of the inven- * hfch is a resin -hardener mixture of the same composi- 
tion will become obvious from the following detailed * on as UScd t0 P Te P^ ^ stn P s and are stacked on a 
description. " " at Dase 3 provided with a separation layer 2. In the 

example of FIG. 1, there are 4 roving type strips, one 

THE INVENTION 35 fiber type fabric strip and then four roving type strips 

The novel plastic leaf spring of the invention for with a len Sth of 1550 mm topped with 19 strips in 

motor vehicles is comprised of a plurality of cured lengths decreasing from 1200 mm to 200 mm with a 

duromeric plastic strips reinforced with high strength flber fabric t > r P e stri P followed by 6 or 7 roving type 

fibers aligned substantially in the direction of the maxi- strips. The thus stacked cured strips form a laminate 

mum elongation or compression of the fibers occurring 40 structure 5 with a stepped profile 4 which can be han- 

under spring load at least in essential resilient regions of dled 35 a m & 

the spring, the said resilient regions being said strips Th e resulting structure 5 is placed in the press mold 6 
bonded together by an adhesive and eventually also °f ^^j. 2 provided with a high frequency heating gen- 
being bonded to another element. erator 10 operating with a frequency of 27. 12 MHz, for 
The process of the invention for the preparation of 45 instance connected to mold halves 7 and 8 provided 
the plastic leaf spring comprises continuously impreg- with electrically conducting coverings 9. Before the 
nating a fiber roving or ribbon-like type fiber fabric pressing operation, concave press surface 11 of lower 
with a curable duromeric resin mixture to form an end- m old half 7 is covered with a pressure compensating 
less wet strip, optionally subjecting the latter to stress, niat 12 made of soft elastic material and a separation foil 
curing the resin strip at elevated temperatures, option- 50 contigous thereto. The structure 5 is placed with its 
ally roughing at least one surface of the resulting cured stepped profile 4 down on the mat 12 after which the 
strip, cutting the strip to size, forming a laminate out of structure 5 deforms as a whole and adheres to the sepa- 
a series of cured strips cut to the spring shape with a ration foil due to its high degree of flexibility as shown 
thermosetting bonding adhesive between the strips, in FIG. 2. 

press molding the laminate with heating while curing 55 The mold is then closed by lowering the upper mold 

the adhesive to form a resilient composite element and half 8 and the hot pressing operation is effected at a 

eventually bonding the element to a more resilient lami- pressure of about 40N/cm 2 with the high frequency 

nateofsaid strips and/or to another element to form the (HF) generator 10 turned on. In the electromagnetic 

leaf spring or leaf spring profile body. HF field, both the material of the cured strips 1 and the 

The reinforcing fibers are preferably glass fibers and 60 adhesive layers absorb dissipated HF energy, whereby 

the resin-hardener mixture is preferably an epoxy resin the structure 5 is heated quickly and uniformly to cure 

based on Bisphenol A and an amine hardener such as the adhesive only. After the pressed material has 

e.g. a cycloaliphatic diamine. Since the strip is under reached a temperature of 140° C, the HF energy supply 

tensile strength when cured, a mechanical pre-stress of is stopped or throttled to the extent that this tempera- 

the reinforcement fibers extending lengthwise of the 65 ture is essentially maintained during the remaining 

strip results in the fully cured strips. The resin content pressing time. An important advantage here is that, 

of the strips is from 20% to 30%, preferably about 25%, because of the relatively small percentage of uncured, 

by weight corresponding to 35% to 48%, preferably that is, still reactive, resins in the total resin mass of the 
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pressed material— which percentage is limited to the spring is loaded are formed by strips which extend with 

adhesive, local temperature increases which are diffi- continuous fibers of the glass fiber reinforcement over 

cult to control and would be unevitable due to the actu- the entire spring length. 

ally exothermic curing reaction if the strips were not Should it be desirable in the above described process 

previously cured, need not be feared. 5 to shorten the pressing times in the HF-heated press, 

During the pressing operation, the adhesive in the then as a modification of the above described process 

joints of the structure 5 becomes relatively fluid at the the resilient composite part or the leaf spring section 

pressing temperature of 140* C, so that it flows well can be taken out of the mold already after partial curing 

under the action of the pressing pressure applied and of the adhesive agent and only then completely curing 

any excess adhesive is squeezed laterally out of the 10 the adhesive in a furnace at elevated temperature, 

joints and with it any air inclusions existing inside the According to a further variation of the production of 

joints are removed. The adhesive which fills the joints leaf springs, instead of applying the adhesive with an 

completely and uniformly, subsequently cures quickly adhesive applicator, an adhesive sheet activatable at 

whereby the structure 5 is transformed into a resilient elevated temperature is inserted between two adjacent 

composite element At the end of the pressing period 15 components which may advantageously be a glass fiber 

which in this example is 5 minutes, the mold is opened fabric impregnated with an epoxy resin-hardener mix- 

and the composite part removed while still hot and it is ture and dried (glass fiber prepreg). The bonding is then 

allowed to cool, and then is ground on its stepped side effected preferably as described with reference to FIG. 

caused by the varying length laminate strips 1 for the 2 in a press with HF capacitor field heating of the 

formation of a smooth surface 14 having an arcuate 20 pressed material. However, because of the inhibition of 

contour. The composite part 15 then has approximately free flow of bonding agent in the adhesive joint, the 

the form as shown in FIG. 3. temperatures required for the bonding will generally be 

To process the resilient composite part 15 thus pro- higher when such adhesive sheets are used than with 

duced into a leaf spring profile body, part 15 which had the use of adhesive agent layers applied on the strips 

just been ground smooth is bonded on its convex sur- 25 such as with an adhesive applicator. When adhesive 

face 14 in to a second element which had just been sheets containing such a glass fiber fabric are used, the 

ground smooth in a second process step to several spring body may in many cases be composed exclu- 

stacked strips 1 in which four roving type strips, one sively of glass fiber roving type strips because the glass 

fiber fabric type strip and four additional roving type fiber fabric reinforcement in the adhesive joints usually 

strips with a width of 195 mm and a length of 1560 mm 30 already produces a sufficient transverse tensile strength 

which as in the production of the first structure 5, have of the spring body. 

been provided on both sides with an adhesive agent The introduction of force at the spring ends takes 

application of 80 g/m 2 (solid substance), layered one place in the described leaf springs of the invention by 

over the other to produce a second structure on the flat spring eyes. In an advantageous design illustrated in 

support 3 provided with the separation layer 2. 35 FIG. 5, the spring end 18 is fastened in a slot 19 of 

This second structure is then, as described in connec- extension 20 of a spring eye 21 by screws 22 which pass 

tion with FIG. 2, inserted on the concave pressing sur- through corresponding bores in the spring end 18 as 

face covered with a pressure-compensating mat and a well as by gluing. 

separation foil of the lower mold half of a HF energy- In the leaf springs of the invention, mainly only the 

heated press. The composite part 15, which had been 40 strips arranged in the upper and lower edge regions of 

coated on its convex surface 14 with adhesive also, is the spring contribute to the attainable spring force, 

now placed with its surface 14 down onto the second Besides, shearing stresses to be absorbed by the adhe- 

laminate structure already introduced in the press, the sive joints are always greatest in the center of a spring 

composite part surface fitting snugly on the second cross-section and these facts are taken into account in a 

structure. After a separation foil and another pressure- 45 further advantageous design of the leaf spring of the 

compensating mat have been placed on top, the mold is invention, where in the center of the leaf spring a core 

closed, and by HF heating of the pressured material to made of a fiber-reinforced elastomeric resin is disposed 

140" C. at a pressing pressure of 40N/cm 2 for a pressing which is bonded at its top and bottom sides to a laminate 

time of 5 minutes to cure the adhesive, the individual packet, which packets form resilient composite regions 
pressed material components are bonded together to 50 25. FIG. 6 shows such a leaf spring 23 in schematic 

form a leaf spring section. representation wherein such a core 24 made of plastic 

The mold is then opened and the finished leaf spring which is usually produced in a separate step, is coated 
profile body 16 shown in FIG. 4, consisting of the resil- on both sides with adhesive, and then, contiguously to 
ient composite part 15 and a second resilient composite its top and bottom sides, joined to a structure consisting 
region 17, is taken out while still hot. After cooling, the 55 of several strips of equal length— analogously as de- 
leaf spring profile body is divided by saw cuts into three scribed in connection with FIG. 2, bonded in a heated 
identical leaf springs ready for use, each 60 mm wide. press to form a leaf spring 23 or leaf spring profile body. 

The leaf spring has a center thickness of 34 mm and a It should be noted here that the core 24, terminating in 

thickness of 17 mm at its ends. The height of the spring wedge form at its two ends, should not extend up to the 
center over the spring ends is 130 mm. It has a spring 60 ends of the leaf spring 23. Because of the rubber-elastic 

constant of 60N/mm and is rated for a maximum deflec- deformability of the core material, no appreciable shear- 

tion in the center of 200 mm. The said leaf spring in ing stresses can build up in core 24 upon deformation of 

endurance load alternation test withstood more than the leaf spring 23 under load. 

double the number of load cycles at which a similar Various modifications of the springs and the process 
steel leaf spring became defective in comparison tests. 65 of the invention may be made without departing from 
The said leaf spring produced by the two-step process the spirit or scope thereof and it should be understood 
has the advantage that the edge regions at its top and that the invention is intended to be limited only as de- 
bottom sides which are under increased stress when the fined in the appended claims. 
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What I claim is: 

1. A plastic leaf spring for vehicles comprising a 
plurality of more than three cured duromeric plastic 
ribbon-like strips reinforced with high strength fibers 
aligned substantially in the direction of the maximum 5 
elongation or compression of the strips occurring under 
spring load at least in essential resilient regions of the 
spring, wherein the said resilient regions being said 
strips of at least 0.8 mm thickness bonded together via 
layers of adhesive, said resilient regions eventually also 
being bonded via layers of adhesive to another element. 

2. A plastic leaf spring of oblong shape with a viable 
longitudinal thickness for vehicles comprising a plural- 
ity of more than three cured duromeric plastic ribbon- 13 
like strips reinforced with high strength fibers aligned 
substantially in the direction of maximum elongation or 
compression of the strips occurring under spring load in 
the resilient regions of the spring, wherein a sole resil- 
ient region is formed by said strips of at least 0.8 mm 20 
thickness bonded together via layers of adhesive, 
whereby in said sole resilient region the outermost strips 
extend over the entire length of this resilient region and 
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others of said strips have different lengths and are 
shorter than the said sole resilient region. 

3. A leaf spring of claim 1 having two resilient regions 
bonded on either side of a core made of an elastomeric 
resin and of fibrous material embedded in this resin. 

4. A leaf spring of claim 1 wherein the majority of the 
strips have the reinforcement fibers extending exclu- 
sively lengthwise of the leaf spring. 

5. The spring of claim 4 wherein the strips are pre- 
s tressed. 

6. A leaf spring of claim 1 wherein a minority of strips 
have reinforcement fibers whose axes include an angle 
of 5* to 90° with respect to the lengthwise direction of 
the spring. 

7. The spring of claim 6 wherein the angle is 90° C. 

8. The spring of claim 1 wherein the adhesive is a 
duromeric resin. 

9. The spring of claim 1 wherein the fibers are in the 
form of a fiber fabric. 

10. The spring of claim 1 wherein the adhesive is 
based on the same curable duromeric plastic as used in 
the strips. 
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